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(57) Abstract 

A laser ultrasound probe, suitable for intravascular use, of 
the kind having an ultrasonic transducer element comprising an 
ultrasound receiving surface of piezoelectric polymeric material 
and an optical fibre with one end directed forwardly from that 
surface and arranged to receive laser radiadon for transmission 
through the optical fibre and emission from the said one end 
thereof, wherein the optical fibre is coupled with laser source 
means adapted to provide altemadvely a relatively low average 
power laser beam, which, when modulated or pulsed and emitted 
from the one end of the optical fibre and incident on a target, 
will generate ultrasound at an intensity suitable to be received 
by the transducer element and converted thereby into electrical 
monitoring signals, and a relatively high average power laser 
beam suitable, when incident on the said target, to produce 
ablation diereof, the transducer element being sufficiendy robust 
to withstand the ultrasound which is then also generated. The 
relatively low average power laser beam may alternatively be at 
a first wavelength which, when modulated or pulsed and emitted 
from the one end of the optical fibre into a medium which is 
highly absorptive at that wavelength, wiU cause said medium 
to generate and propagate ultrasound at an intensity suitable to 
be reflected by a target contacted by said medium and received 
by the transducer element and converted thereby into electrical 
monitoring signals, the relatively high average power laser beam 
being then at a second wavelengtii at which the said medium 
is transmissive and being suitable, when incident on the said 
target, to produce ablation diereof, the transducing element being 
sufficiendy robust to withstand the ultrasound which is then also 
generated. 
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LASER ULTRASOUND PROBE AND ABLATOR 

This invention relates to probes comprising a forward-looking 
ultrasound receiver and optical fibre means for directing laser 
5 signals on to a target to generate ultrasound to be sensed by the 
ultrasound receiver, especially for use in intra-arterial imaging 
and, preferably, therapy. 

It has been proposed, in a paper entitled "Analysis of the 
acoustic response of vascular tissue irradiated by an ultraviolet 

10 laser pulse" by H. Crazzolara £t al- U. Appl. Phys. 70 (3), 
1847-9, 1991), to use an ultrasound probe comprising a disc of a 
piezoelectric polymer, specifically polyvinyl idene fluoride 
(PVDF), supported on an end of a metal rod element, to monitor 
the ultrasound generated during ablation of a target by incidence 

15 upon it of laser beam pulses emitted from an end of an optical 
fibre which is physically separate from the ultrasound probe, 
thereby to distinguish between incidence of the laser pulses on 
normal arterial wall material and on calcified hard tissue of a 
sample of arterial material being investigated in vitro . 

20 Probes of the general kind to which the present invention 

... . re.lates have also previously been, described, . in UK Patent 
Specif i cation _ No. ^ 2212920, which describes inter al i a such a 
probe in which the ultrasound receiver comprises a dished 
circular transducer element of a pi ezoel ectri c-.f.polymer - mater ial 

25. .such as PVDF and an .optical, fibre projects coaxiajly through the 
centre . of the transducer .el.emenV and has an end. jl/i . froni of the 
transducer element, from .which laser beam pul se.sVaVe emitted in 
use of.'the apparatus to strike a! target, preferabTyV at a .focus of 
,the dished transducer element, . causi ng it to emi tVlaser-induced 

30 'ultrasound signal-s .whicti.var.e received by the; transducer element, 
.thus enabling the target to. be i.nvesti gated ul tras.ori.i cal ly . 

It is an object ,, of .. the present i nvention '-'to provide an 
improved laser ul trasoun'd • probe', suitable for intravascular use, 
• ..of • the kind having an ultrasonic transducer element comprising an 

35-- ultrasound receiving surface of piezoeleetric polymeric .material 
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and an optt-ical -f Hire, with one end direct&d forwardly from that 
surface and arranged to. receive laser radiation for transmission 
. through' the optical fibre and emi ssion , from the said one end 

•• . • . .thereof:,.- .'■ . ■:■^f^,z■ .>b :i - ■ 

.,.5 - A<:coirdings to, ©ne ^aspecrt :of:.-:tbe:, invention./^^ fibre 
.- . of syc.h! a ivprohe- Is.r coupled' wi-th ^lasier :.s.ogrcet. means adapted to 
provide, •Mternatrive'ly'-a ;re'latively, '4owrfavena.ge :pow laser beam 
'.•■'v whjchr' when-modulated , or pul sed- and emi.tted from the one end of 
the. opt ic-stl -fibre rand incidents on. a target,; .will generate 
.10 • ul'tr'asound,-. "at •■ an; intensity ; .suitable . -to be ' received' by the 
transducer element ■. .and . . . converted . thereby -into electrical 
monitoring, signal s, . and relatively high average power laser 
.beam suitable, when incident on the said target, to produce 
■ablation .thereof, the transducer element being sufficiently 
- 15; ■ robust to wi thstand. the ultrasound whi ch is then also generated. 

. According - to. another aspect . of the invention, the optical 
fibre of such a probe . is co,upled with laser source means adapted 
.: - -to provide alternatively a- relatively low average power laser 
beam at a first wavelength which, when- modulated or pulsed and 
.•20 emitted. from the one end of the optical fibre into a medium which 
-is highly, absorptive at tha:t wavelength, will cause said medium 
. ■ to ge,nerate . and propagate; uVtrasound. -at an intensity suitable to 
be (reflected, by a ;target contacted by said medium and received by 
the transducing element and converted thereby into electrical 
25 monitoring signals, and a relatively, high average power laser 
..i-beam. at ra. stecond wavelength at which the said medium is 
.transmi ssi ve. and suitable, wfren incident-'On the said target, to 
.■ .produce .' ablation thereof,.' the- - transducing, element being 
sufficiently robust to withstand the-, ultrasound which is then 
. 30 also generated. • : - 

In a particular- form of; this last-mentioned probe in 
.accordance .wi th.. the • .i nvention , the --said ■ one end of the optical 
fibre is directed in a forward longitudinal, direction of the 
probe and the said ultrason-ic transducer element is a forward 
35 looking transducer element of the probe,- susceptible to 
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. ultrasound generated and propagated for%ardVy 1ft the said medium 
' and' reflected" by a. first target located' i nj the-forward direction, 
■ = and the . probe • i s further ^;prov1ded. with sat I'east one sideways- 
looking ultrasonic transducer element susceptiWe to ultrasound 
5 " •■/generated and'propa|ate?J -l^n -the :said: medioiTi' a^^^ reflected by a 
si^cond'^ "target ^"contacted by ' the- medi urn' arid 'di s'posed 1 ateral ly of 
~the ''prdbeV Preferably such a probe- i's-: provided' with a plurality, 
say 'sfxteert, ■ • of the- ' s^ideways-looklng'" transducer elements, 
disposed cireumferenti^a] ly ' round the probe 'and each having its 
- 10 ■ ■ bwn electrical output-signal connection^ for connection to signal 
processing" apparatus for image-derivation, .' ' 

In any: of the embodiments ■ of the ■ invention as" referred to 
above; the said one end of the optical fibre preferably projects 
■ through and forward ly from the said ultrasound receiving surface. 
T5 ' Preferred embodiments of an improved laser ultrasound probe 
according to the invention are described below with reference to 
' the acciDmpahying drawings, in which:- ^ ' " 

' Figure' '1 is' a- general perspective vifew showing a probe 
according • to- the ihvention, together with c&upling means - for 
20 ■ coupling an optica'l' fibre of the probe to laser source means and 
electrical" output' connections froiti a " piezoel'ectric ultrasound 
•• transducer of the >fbbei to electrical receiver ^means (not shown); 
' ■ Figures 2 and 3^ airB respective Ty an elevatibnal view and a 
longitudinal sectional- view, both on a larger- scale; of the probe 
25 ' shown in Figure 1,- "' ..";.- 

Figure 4 and " 5 ar>e"^ 1ongi tudi nal. sectional . -views of two 
further embodiments of' - a -probe according . to this invention, 
' incorporating minor-" constructional modifications of that shown in 
Figures 2 and 3;" ' ; " ' . . 

30 Figure 6 is a phantom perspective view showing an electrical 

connection" of the probe' shown- in" Figure 5.; 

Fi'gure- 7' is a -^longitudineil sectional vi'ew of- another probe in 

"accordance -wi'th the invention; and ■ - 

— Figure 8 is' a'cross-secftion tak,en.-.on the line - VIII-VIII of 
• 35-"- Figure -7. ; •• : ■ - ^ 
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Thfi- -probe shown., in Figure -1 comprises- a probe head 11, from a 
front end face of which projects one end of an optical fibre 12 
(whlch- may suitably .be a .PCS 600. optical fibre), and a cable 13 
to which the probe head 1 1. is secured and through which extend 
5 the optical- fibre 12 and an- eleotrical: connection from the probe 
head as will, be ■ des.cribe,d.: The connection between the probe 
head '1 1 . tand.- the. . cab:l e . 1 3 may- - be covered- and mechanically 
strengthened by the.: prov.is.ion of - a' shrunk-on-. sleeve 14 of 
suitable plastics material, as shown in Figure 1-. At its other 

10 .end, the cable .13 extends into a signal connector or manifold 15 
which includes -an electrical ^socket. 15, for, example a standard 
' SMC socket-;. -at which the electrical connection from the probe 
head n is terminated. -The optical fibre 12 extends continuously 
through and beyond the manifold 15, and withi-n a protective 

15 -extension cable covering -17, to ..an . optical fibre connector 18, 
• - such as a standard SMA optical fibre connector... By means of the 

! : : connector 18 the probe- head 11 is connected to. the output of a 
laser. .(not shown.) operable selectively at either of two different 
output Jevels or (as shown schematically in Figure 1) to the 
.,20 outputs of. two. lasers: 11 -and L2 . each. operable at a respective one 
of two different ' output levels. ' Thus the exposed end of the 
optical fibre 12 can be made to emit either lower average power 
pulses of. laser light which, on striking a target, generate 
ultrasonic pulses "which impinger on the probe head 14 and are 

25 ...converted into electric signals which appear at the socket 16 for 

■ processing- : in an ultrasonic investigation of the target, or 
higher: average fpower .laser: pulses- suitable to produce ablation of 

■ the- target. • . • . 

;•; The -probe head 11 shown .in Figure 1, and its connection to 
'■ 30 the cable. 13, are -shown on a larger scale and in detail in 
- .Figures 2. -and 3. -The probe head 11, -as b.est seen from Figure 3, 
■ comprises :a -stepped cylindrical .shell 20 of perspex or other 
suitable electrical insulating . material, of which the 
-smaller-diameter section is internally threaded to receive a 
35 brass or other conductive screw 21 with an axial bore 22 through 
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' which the optical fibre 12 extends. The tfiteYi'or of the larger- 
. diameter section of the shell 20 is filled with - a silver-loaded 
epoxy resin plug. 23 (through which thre optical fibre 12 also 
■ extends axially). The plug. 23 and" the: surrounding edge of the 
5 ■ shell :2G provide- a .support ton a ■pi:ez6e1 ectri.c transducer element 
; . - in. the form ;of : a superposed f-ilm' 24 ' of a piezoelectric polymer, 
suitably 'PVDF. provided with a jnetal 1 1 sed surface film 25 on its 
- surface remote from ttie plug 23.' The piezoelectric film 24 Is 
- bonded with a sui'table adhesive,' for' example" cyanoacry late, to 
10' the plug 23 and to the annular and of -the she! 1 .20 which ensures 
electrical isolation of the p1ug'23 frorfi the metallised film 25. 
The film 25 is covered by a finishing ^-surface layer 26 of silver 
■ conductive paVnt which also covers the outer "surface of the 
sheTl' 20. 

15' The cable 13 has at its centre the optical fibre 12 and. -also 
includes an - inner electrical conductor in the form of an 
•' enamelled • copper wire 27 of which one end; stripped of its 
insulating enamel, i s wrapped' around the threads of the screw 21 
whei-e it i s held 1 h place by means- of a 'shrunk-on heat-shrink 
•20 sleeve 28. -The 'cable 13 also includes an outer screening 
conductor formed by -a - braided copper sheath ^29, and one end of 
" this is secured by means of ' si 1 ver-loaded epoxy- resin 30 to the 
. conductive paint coating 26 of the shell- 20. 

Thus -one surface '-of the PVDF film 24. is. electrically 
• 25 ■ connected by its metallic film ' layer 25, " the ■•conductive paint 
layer 26 <which also -serves' as an extension- :of . the external 
screening) and the- sMver-loaded • epoxy. bond 30; to the outer 
conductor 29 of the cable, while the other surface of the film 24 
• is In contact"' with the ' si 1 ver-loaded" epox^y plug 23 and Is 
30 electrically connected through it and the screw 21 to the cable 
inner conductor 27; and the Inner and " outer: conductors of the 
cable are connected respectively to" the inner and outer contacts 
of the socket 16. ' ' 

The probe head-s showii in Figures 4.' 5 and 6,- are similar to 
35 that "shown in" ' Figures ' 2 and 3, ani corresponding parts are 
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indicated -by • the same i*eference numerals. In' the probe head 
shownHri- Figure 4, however, the inner conductor 27 is bonded and 
'electrically' connected directly to the- ^silver-loaded conductive 
epoxy pVug i2'3, -by means of -a 'further ' added small body of 
5 si Iver^lbaded conductive -epoxy reTsi-Ti' -21a7'tHe conductive screw 21 
of the head" shown -in Figure" 3 -Bieing^omit't'ed. -In the head shown 
'"" in Figures 5 artd '6,-^the inner "conductor -27 is conductively 
' • secured ' to one end of a copper wire' conductor 21b by means of 
solder 2'lc, the other ' end 'of • the conductor 21b being formed as a 
10 loop embedded in- thV sflvier-^loaded ' epoxy plug 23 <as best seen in 
Figure 6) and in igood -electrical connection therewith. In this 
case a shrunk-on heat-shrink'^ sleeve 28 protects the soldered 
• connection between ' the condiict'ors .27 and 21b- and provides 
insulation from the outer conductive sheath 29.' 
15 The above-described embodiments of the invention provide 

robust and ■ constructional Ty -simple forward-looking probe heads 

• 'for use in • investigating (and preferably also abl'ating) arterial 
'blockages: Any of -the above-described probe heads according to 
the Invention may ■ without ' difficulty be made with an outside 

20' diametisr no greater than 3mm, -which is- probably as small as will 
-be required for medical' purposes since' such a probe may be used 
to inve'stigate and ablate blockages in correspondingly small 

• arteri-ail vessels.' and ■smarVer ves's'els, if they become blocked, 
become bypassed in-any event. 

25 ' The use of 'piezoelectric polymeric material, in particular 
PVD'F, father than 'a p-iezoelectric ' ceramic, as the ultrasonic 
transducer i s preferred for several"' reasons. Firstly, PVDF 
provides a much better acoustic impedance match with body tissue 
or fluid than does a ceramic,-- and 1 s a much better receiver of 

30- ultrasonic signals.- -Also, PVDF is inherently wideband in its 
frequency response because of its higher internal losses compared 
with piezoelectric ceramic materials, thereby tending to reduce 
the amount of ul trasoni c wave -reverberation within the transducer 
material and thereby tending' to increase the resolution of the 

35 transducer. • Furthermore, PVDF is robust rather than brittle, and 
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is therefore well able to withstand ultrasound, generated during 
. highepower use of the probe to, effect, ti ssue-,afelat-ion,.. 

It wi.ll be 9 understood that although inrthe 111,U;Strated probe 
heads, the PVD/ ,f jlm ,24- is meta-lli.sjed on qnljf one, surface, with 
5 . re-1 iance being ■■ rpla<:;ed. o.n^, good . ;all--oyeTT contact, ; of its other 
surface w-i-th -the. conditctJ-ye. ;epp,xy ,,,f^€s-in^ plug ^ 23,- this other 
- surface of,. tbe,^^il.m m^,y also be metal 1 ised J,f , desired to remove 
the necessity ;0f. good al 1 -over contact _( so long, as care is taken 
to avoid short-circuiting-to the fiilm 25 or the. paint layer 26). 
.;10 Also, instead of .applying a ;Pre-formiB,d filiii,-: 2,4,. the film-form 
transducer element may, be formed in situ, by applying to the end 
.of the plug 23 a .solution of -the PVDF. polymer in, a suitable 
. solvent, spinning the, device to r remove ^ excesrS , and heat-treating 
and subsequently. Rol-ir>g th€ coated . polymer, layer , to render it 
15 plezoelectrica-lly act1y«. - 

-It will also be ,understood_ that although the PVDF film 24, 
.which,, ;may be .some . lOvim In: thickness , is - shown as being flat it 
may. be slightly ; dished , (for example by slightly ^dishing the 
supporting end of . t^e . epoxy plug 23) in order , to provide a 
20 focussing-effect.. ,i Al ternati vely> as is described :1n UK Patent 
Specification No..- 2212920, already, referred to, a fqcusing effect 
may,. b,e. obtained ;by -.dividing fhe PVDF film into electrically 
separate annular zones each . of . whi ch generates -.its own signal, 
with due account being taken ^ of phase differences, between the 
.•25, signals; but, 'as. will be recognised, this, reqaires a -sieparate 
electrical connection for each of the annular zones and would 
■ necessitate some: redesign of .„ the . probe, heads, to provide such 
•multiple, connections. 

For carrying out- an ultrasonic examination ,, by means of a 
30 probe according to the invention^, the opti.cal fibre in the 
cable 17 . is fed fvia the connector ,18 ..from . a , suitable laser 
source, which may. conveniently be a conventional Q-switched 
Nd:YAG. laser^ emiAtiJig, pulses of 20 ns duration a,t .a repetition 
> . frequency ..of,, ^say:,- -50 Hz, -and a laser wavelength , of . 1 ..06nm focused 
35 byra.lens .of ,.• saiy-, 4 cm focal, length, into qne .end. of an. optical 
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fibre^ :of.,. which the other end is .connected through the 
„• conniBctorf 18. to. the optical fibre- in th€, cable 17 and thus to the 
.optical,.. fibre 12.. The output of , the laser may be attenuated by 
the ..USB; of neutral den sjty filters to such a: level that the 
5 - energy, del-i yered. by^ each laser , pul se, -emitted .fro.m the exposed end 
of the , optical fibre 12 is about 3 mJ. Pulses of this energy 
..have been, demonstrated as being quite adequate to excite a target 
.surface into- ul trasonic osci nation which is eiasily detectable by 
a transducer of the kind constituted by the PVDF film 12. The 
10 . resulting electrical , signals- provided by the probe head 11 are 
~ ;_processed .in known, manner to provide ultrasonic imaging. 

The. same laser may be re-adjusted to provide a higher-energy 
. output suitable for ablating the target, for example by switching 
. the.laser to operate in a normal mode instead of a.Q-switch mode. 
15 It will, however, be understood that alternative, low and high, 

laser energy levels may be achieved in, other ways. At the target 
, surface, the, important .parameter i.s power per unit area, and this 
can be varied by de-focussing the spot illuminated by the laser, 
. .either by al.tening.the distance of the. end of the optical fibre 
20 fjpm :,th^ target surface, and /or .:by. altering the optical system by 
. ,which;,the laser output beam „i,s, .fed to the optical fibre system. 
. ■ Alternatively, as Indixated . schemati cally in Figure 1, the 
different .laser, power .level s . may. be derived from two different 
. ..lasers.; LI and L2,- possibly operating at different wavelengths, 
25 conne^cted to respective, optical fibre tra.nsmi:S,sion systems which 
• ,merge be„f ore reaching their common connection to the connector 18. 
- -. . . Figures - 7- and . 8 . i 1 lustrate a more elaborate probe head 
• Recording to the -invention which, includes, not only a 
forward-looking ultrasoun<l receiving transducer element but also 
30 a plurality of sideways-looking transducer elements, all; intended 
. .to r.eceive. ultrasound generated -by . a laser beam transmitted down 
an axial optical fibre 12. The. probe, head,. Indicated generally 
■ by the- reference numeral 3.1,. .has an electrically conductive 
metallic central . mi crotube. 32. .through which the optical fibre 12 
35 , extends, and . surrounding the microtube 32 are .an- electrically 
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conductive metal disc electirode.' 33 in electrica'l ' connection with 
it and an electrically insulati rig body 34,' "-suitably of epoxy 
■' resin,- along' the outer periphery of whYcli' 'extend;' in the axial 
direction, a plurality of electrodes 35. ''As- shown in Figure 8, 

■ '5 ■ the 'electrodes''35,- which may be- sixteen- in' number , 'are 'regularly 

■ '' distributed round the -cyl ihdricaT periphery of the body 34. Each 
' is- spaced,' and" electrical ly insulated, at one end from the 

electrode 33;' and' at' its bther end terminates in a terminal 
section 36 which extends- on' an end face of the body 34. The 

10 ' electrodes 35 arid their terminal sections 36, and also the 
electrode 33, may be preformed metal elements which are assembled 
in their intended positions relative to the microtube 32 prior to 
castfng the epoxy resin' body 34 between them, or they may be thin 
metallic films which are deposited by any convenient method on 

15 the body 34 after it has been formed. 

The electrode 33', and the cylindrical peripheral surface of 
the body 34 and the associated electrodes 35, are coated with a 
continuous layer- 37 of ' suitable ' piezoelectric' polymer such as 
PVDF. As described above, this may^be appl led" by a spin coating 

20 process in which PVDF is applied in a suitable solvent, the epoxy 
resin body 34 i s rotated "to obtain an even distribution of the 
■ applied layer, and' the layer is then driedv ' heat treated and 
poled to render It piezoelectrlcalTy active. 

'A terminal cap "38 1 s ' secured by means of a- suitable adhesive 

25 to that end of "the body 34- which 'is provided with the electrode 
terminations 35. The cap 38 is formed with . a' pi ural 1 ty of 
bores 39, each in register with a- respective termination 36, for 
receiving a respective terminal wire 40 to' connect electrically 
with the termination 36. The bores 39 are of enlarged diameter 

30 at their ends adjacent the terminations 36, • so that a small 
quantity of electrically conductive si 1 ver-ldaded epoxy resin 41 
Inserted through each bore before fitting of the respective 
wire 40 may be forced by iriseftion of the wire into good contact 
both with the wire "and with- the 'adjacent termination 36. The 

35 • cap 38 has a' further ' bore,- 42,'" which accommodates a further 
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■ terminal wire', 43, which, is electrically connected^ by solder or 
silver-ldaded epoxy resin 44, to the microtube' 32 and thus to the 
electrode SB. r . - . 

Finally, the outer surface =^ of: the PVDf layer- -37 is covered 
5 " with a layer of silver-loaded-' electr.ically conductive paint 45, 
■ -wh'ich' al so 'extends ove^ 'the-.outer surface' of; the, cap 38. It will 
be und&rstood that, ifor use ,. the --probe head 31. is secured on the 

• - end of- a: 'cableowhich - (1 ikev^the cable 13' described -above) has the 

opti-ca^l- fibre 12-^ extehditig^ through- it -and- has an electrically 
10 "condutti v¥ outer sheath' to" which the conductive paint layer 45 is 
connected so' as: to constitute an- extension of the electrical 
shielding provided by the cable; sheath. In this case, the cable 
also includes seventeen signal, conductor wires, of which one is 
connected to the terminal wire 43 and each of. the others is 
15 connected to" a respective one of the terminal wires 40, the 
signal conductor wires being enamelled or otherwise insulated 
from one another and connected at their other ends to respective 
"pins of a multi-pin socket corresponding to. the socket 16 shown 
in .Figure' 1 . . ... . : • ■ . 

20-- . The layer 37 of piezoelectric polymeric material in the probe 
head 31 is continuous - over, the electrode 33 and all the 
electrodes 35, but eiach ^of- irts regions covering one of these 
electrodes, and r- sandwiched - between- that . electrode and the 

■ overlying outer paint layer •45, constitutes, an effectively 
25 separate ultrasonic transducer element, with substantially no 

cross-talk -from one. transducer element to another.. It will be 

• -appreciated ■ that . although for purposes of illustration the 
layer 37 'is shown as having, substantial thickness,, in practice 
its thi ckness - may • be • only some 10 pm or less • and lateral 

30 transmission of ultrasonic vibration (which -in any case is quite 
heavily -damped) is minimal.- .Thus the probe . head 31 incorporates 
a forward-looking ul trasoaic •. transducer element producing 
• - electrical output signals at the .terminal wire 43, and a ring of 
'sideways-looki'ng ■ transducer elements each producing electrical 

35 output signals at a respective one. of. the terminal wires 40. 
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: These transducer output signal S i appl i.ed ■ ins; l^nown manner to 
appropriate signal processing equipni,es;nt,r enable an ultrasonic 
image of the surroundings of the probe head -3 1, -•'both around and 
ahead of 1t,'1;o=b;e cfrtalned; ■■ 
'■ 'S ■■ ■:Asran the tcasei^of; the. probe. head 11 s,hown in Figures 1 to 3, 
i. the optica-l. fibre : 12 of the .probe chead- 31- ;0 s;., connected to receive 
- . and transmit'^.a --second -.laser beam of relatively . h-igher average 
, power. '.sufficient to. provide. ablation .'Of a .target disposed ahead 
' of the ; exposed ,end;.of the.optical, f.ibre: 12;; as^ well as a first 
TO laser -beam of- lower, average power \suffjc,ien't' to generate 
ultrasound by means of : which the target can fi^rsi- be investigated 
. ultrasonical ly. . As described -above., with reiference to the probe 
head 11 shown in Figures 1 to 3, the ultrasound may be generated 
in the target itseTf by impingement of the f i rst.-, laser beam.'upon 
15 it, and in.' that case the ultrasound from the; target impinges 
directly on the forward-looking transducer- element consti tuted by 
the. part • of the- layer 37 overlying the electrode 33 and 
indirectly; after reflection at any reflective .boundary disposed 
laterally of the probe head, by any appropriate -one or more of 
20 the stdeways-loo1<;ing transducer elements .constittited by parts of 
the layer 37 dverlying electrodes 35. . 

However, it' is preferred, in the case of a probe provided 
with sideways-lookting- transducer -elements as -shown in Figures 7 
and 8, to arraage that th& source of the ultrasound shall be not 
25. 'th^ ultimate target, for ab:lati on ; but the medium- immedi<itely in 
- front of the free end .of the .optical >. fibre; .12. , It is already 
• established practice, when a probe of this kind ; is. .advanced along 
a "blood vessels" ►to.; .inject water .or. sal ine .solution into the 
vessel so as to displace blood from the part of the vessel around 
30 and ahead of the probe- head. . Jf . as the laser LI of Figure 1, 
there Ms used' an; Er:YAG.' -laser operating . at . a wavelength 
of 2.94pm, at which . water , and . saline solution are highly 
■ absorptive, suitabl'e : laser pulses, from . that- rlaser emitted, from 
the exposed end of "the optical fibre 12 -into the water or saline 
35 solution ahead of the fibre ,. end are absorbed withi^i a very short 
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. . d I'S tan ce: rand generate ultrasound which is- radiated laterally as 
.: well 'as -forwards so . as to - be reflected by the vessel walls 
lateralrly: of , the ■ probe head. as. well as by any obstruction or 
constriction ahead; so that both- the sideways-looKing and the 
-5 for-ward-l cokings: transducer elements p.roduce-. electrical output 
signals which, after processing, provide an ultrasonical ly 
derived image- of the vessel around- and :ahead of the probe head. 
Th\t image may be used for ppsiti.ojilng. the probe head relative to 
■ the vessel . walls." and an obstruction, ahead, before switching to 
10 the second ■ laser L2- to provide a • second ;laser beam at a 
• wavelength for which the water or- saline medium is transmissive 
- -and at a. power level suitable for ablating the obstruction. It 
: .will be understood, that- although thi,s choice, of a suitable 
. combination: of-, laser wavelength and absorptive .medium, to provide 
15 •. .' an; essentially pulse-echo type of laser-generated ultrasonic 
- probe."- is especially preferred . in .the . case of a probe with 
sideways-looking ultrasonic , transtducer- elements (since it 
■ - provides a ! well .defined ultrasound sourrce., in the medium 
i immediately ahead of the probe, instead of .. a source at a variable 
20 distance ahead), it may also be employed in use of a probe which, 
like that shown in Figures 2 and 3, is only forward-looking. 

Probes in accordance with the invention may, and preferably 
do, Incorporate, in known manner, means for co-operating with 
guide wires to assist In steering the probe head along an 
25 artery; but, for simplicity and clarity of the disclosure of the 
invention, no such means or wires are illustrated in the 
accompanying drawings. 

It will be appreciated that since, in a probe according to 
the Invention, the ultrasonic signals are generated by laser 
30 Irradiation, an ultrasonic transducer element in such a probe is 
required only to receive, and not to generate, ultrasound. 
Piezoelectric polymers are idea! materials for use to form the 
transducer elements in such a situation, since they have high 
"receive" sensitivity and, compared with conventional 
35 piezoelectric ceramic materials, are chemically more stable. 
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'• mechaniGalVy more' robust and acousttcally b«tter; matched to water 
and blood. Due to their low: d1electric--''perm1t±iv1ty, they have a 
- large dielectric g- constant, making ;: them r- good ultrasonic 
. " , ' r'eceiv-ers;- furthermore, because •■ of • . thel r . high Internal 

. 5- "d1eTectr1o;and mechanical losses; reception, is- -lafrrinsically wide 
'band. , v" : ■ :i ' .■ -• ::r . ..- ^'-^''j'' 

'■' It Way -be desnrabTe ' that- the- laser, LI, providing for the 
' • ■ ultrarSonlc investigation i: s-hould-te tunab-le-- over * range of laser 
' "' wavelengths.' -In that case, this ^lasef may be constituted by an 

10'~- optical parametric: oscillator, offering a wide range of 
■ • '• - tunabil'ity (from' about": 2pm to 200 nm) and a wide range of laser 
pulse • wavelengths .' By ' such means^^ good discrimination may be 
obtained between healthy and diseased tissue;, for example, at a 
wavelength of 308 nm, optical penetration depth in tissue is 
• ■ 15 approximately 0.15 mm, permitting an ultrasound; centre frequency 
of the order of '15: MHz, which may prove . to ; be close to the 
optimum for :laser probing. If it transpires • that such is the 
case arid ' a fixed laser' wavelength of ^ 308 nm- is .satisfactory, a 
■ compact XeCl exctmer . laser -may be . used instead- as the laser 

'20 source^ ; : .i; •; , • . ; -i.,. / -: 

* ' -'• - .■'■r ■ 'V ' ' . . ~ . " '-. ■.! 

i.. ■ • ■ ■ , , •• . • : < - '■ r ■ ' . "V - . - 
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■ . ^; CLAIMS 
1 ." A .'laser ultrasound probe, suitable for intravascular use, of 
the kind having an ultrasonir- transducer element comprising an 
. ultrasound receiving surface of 'pi-ezoe-leotric polymeric material 
.-.5 - and an optircal sfibrei ''witb'bne ^-end '••direciedrrforwardly from that 
• surface 'antf' ar^r^ngetf to ireeetve '-'fssesr-'raidiatlon. for transmission 
through the optical fibre and emission from ^the said one end 
: thereof , -characterised" in- that-'th€' 'Optical =fibre is coupled with 
laser source ^ meiTis adapted to provide ^alternatively a relatively 

■ 10 low average- powe? laser-beam-i which, ' when modulated or pulsed and 

■. emitted from 'the one end of the optical fibre and incident on a 
target,, will generate^ ul trasound.- at aa inten-sity suitable to be 
.received by the -transducer element, and converted thereby into 
. .electrical monitoring signals, and- a -.relatively high average 
15 power laser- beam suitable, when incident on the said target, to 
produce ablation thereof, the transducer element being 
. sufficiently robust to " withstand ' the ultrasound which is then 
also generated. " 
- 2. A laser ultrasound probe, suitable for intravascular use, of 
20 -the kind having- an ultrasonic" transducer element comprising an 

■ ■ ultrasound receiving surface of piezoelectric polymeric materia! 
••• ■ and an. optical fibre with one end directed forwardly from that 

■ -surface and arranged to receive laser radiation for transmission 
■■through the optical. . fibre' and . emi s'sion from the. said one end 

25 thereof, characterised in that the optical fibre is coupled with 
laser source means adapted to provide alternatively a relatively 
low average power laser beam at a first wavelength which, when 
modulated or pulsed and emitted from the one end of the optical 
fibre into a medium which is highly absorptive at that 

30 wavelength, will cause said medium to generate and propagate 
ultrasound at an intensity suitable to be reflected by a target 
contacted by said medium and received by the transducing element 
and converted thereby into electrical monitoring signals, and a 
relatively high average power laser beam at a second wavelength 

35 at which the said medium is transmissive and suitable, when 
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incident on the said target, to produce ablation thereof, the 
transducing element being sufficiently, robust -to withstand the 
ultrasound which is- then also generated'., vi' / - 
:3. .A laser ultras ouhd probe , as. claimed i,n .Claim 1 or Claim 2, 
5 character-i-sjed: • in ;: that the: "said-, one ' endi .of . the ^optical fibre 
projects, through rand -f.orwardly from the; srai.d ultrasound receiving 
surface.. • . ■ • • • . - v. 

4. A !laser:ultrasound: probe'as;claimed in Claim 2, characterised 
in; that -the said one end of the .optical fibre- is directed in a 

10 , forward. ,>„longitudinal direction, of. . the.' -probe - and the said 
ultrasortic transducer * element is a,- forward-looking transducer 
element of the probe, susceptible -to ul trasound . generated and 
propagated forwardlyin the. said medi urn and reflected by a first 
target located in. the forward direction, and the probe is further 

15 provided with at least one sideways-looking ultrasonic transducer 
element susceptible to ultrasound generated and propagated in the 
said medium and • reflected by a second target contacted by the 
medium and disposed laterally of the prob.e. 

5. A; laser ultrasound , probe as claimed In Claim 4. and provided 
20 with a plural ity, - suitably, sixteen, of .rthe- sideways- looking 

transducer elements, disposed circumferentially round the probe 
and each having Its own electrical output-signal, connection for 
.. connection to signal processing apparatus -for image derivation. 

6. A laser ultrasound probe ^ substantial ly as. .described herein 
25. with reference to any of the accompanying drawl ngs'.s, , 
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